Three different types of amylopectin: long chain length of amylopectin (L-type), medium chain length of amylopectin (M-type), and short chain length of amylopectin (S-type) were classified in 16 rice cultivars (3 for L-type, 6 for M-type, and 7 for S-type amylopectin) based on chain length distribution of amylopectin by fluorophore-assisted carbohydrate electrophoresis through capillary electrophoresis. Frequency distribution of amylopectin chain ratio and short chain ratio supported three types of amylopectin. Ta Soke Pwa and Thet Nu Saba Net Pyan had high values of transition temperatures in a range from (70.7, 74.0, and 77.6 • C) to (71.4, 75.0, and 78.8 • C) in differential scanning calorimeter analysis. Alkali spreading values and starch gelatinization characteristics in 4 M urea solution showed the association between chain length distributions of amylopectin in Myanmar rice cultivars. A simple linear regression in Myanmar rice cultivars was observed for fa, fb1, amylopectin chain ratio, and short chain ratio with alkali spreading values, with R 2 values of 0.68, 0.84, 0.84, and 0.81, respectively.
INTRODUCTION
Quality traits, including physical appearance, cooking and eating quality, sensory properties, and nutritional values, are very important points to consider in rice breeding programs. [1] The physicochemical property of cooked rice is one of the most prominent indicators for eating quality, which is mainly influenced by rice starch in the endosperm. [2] Consumer preferences for rice grain quality differ between countries and locations. Therefore, rice grain quality is very difficult to define since it is determined by specific preferences of the end user and it is highly variable. [3] The improvement of eating quality has become an important goal both in rice breeding programs and in rice production practices. [4] Starch contains glucose and its polymer can be divided into two major types: amylose and amylopectin. Amylopectin is one of the polysaccharides present in rice endosperm and it is highly branched consisting of α-1,4-linked glucose units connected by α-1,6-linked branch points, and are much larger than amylose, which has no branch points. The significant differences in starch properties and functionality in rice endosperm are mainly influenced by the differences between amylose and amylopectin.
Amylopectin chain length distribution is a very important role to determine gelatinization temperature (GT) of cooked rice; gelatinization property is one of the most important indicators of the cooking quality and processing characteristics of rice starch. [5, 6] The starch granules containing amylopectin with long and intermediate chains can be predicted to be less soluble in alkaline solution and to be more resistant to gelatinization in urea solution.
The rice production in Myanmar is also a very important sector since it is a daily food for 60 million people around the country. Investigations of genetic variation among Myanmar traditional rice cultivars had found that Myanmar rice germplasm had a wide variation of starch characteristics and this will be useful to improve certain rice cultivars with superior characteristics for future breeding programs. The Myanmar rice cultivars need to be further investigated for their structural and physicochemical properties of starch, which can be utilized in grain quality improvement since the information of Myanmar rice cultivars with desirable traits is very limited. Today, the breeding programs on rice quality improvement integrate traditional approaches with advanced methods, such as biochemical, genetic, and molecular analysis. The present study was designed to investigate the starch characterization and physicochemical properties of Myanmar local rice cultivars.
MATERIALS AND METHODS

Materials
A total of 16 Myanmar rice cultivars and two control cultivars, IR36 and Koshihikari, were carried out for chemical analysis.
Characterization of Chain Length Distribution of Amylopectin
Measurement of the chain-length distribution of amylopectin by fluorophore-assisted carbohydrate electrophoresis through capillary electrophoresis was performed. [7, 8] The clear peak area of chain length distribution of amylopectin was collected and analyzed using 32 Karat (version 9.0) software provided by Beckman Coulter. The ratios of fraction based on degree of polymerization (DP) were calculated in this study: fraction A chain (fa), DP 6-12; fraction B1 chain (fb1), DP 13-24; fraction B2 chain (fb2), DP 25-36 compared with control cultivars IR36 and Koshihikari. The amylopectin chain ratio (ACR; DP 5-10/ DP 5-24) and short chain ratio (SCR; DP 5-11/≤ DP 12-24) were calculated on a molar basis. The experiment was repeated twice.
Determination of Alkali Spreading Value (ASV)
Three halved rice endosperms (36.9 mg) for each cultivar were placed in 10 ml of 1.7% KOH in Petri dishes (6 × 3 cm, 1 cm deep) for 24 h at room temperature. The degree of alkaline digestibility of the rice kernel was compared with the digestibility of IR36 (low alkali digestibility score 3) and Koshihikari (high alkali digestibility score 7), respectively. The experiment was repeated three times.
Thermal Properties
Differential scanning calorimeter (DSC) analysis was conducted using an 822 e calorimeter (Mettler Toledo, Japan). A sample of 100 mg of rice flour was weighed and 250 μl of deionized water was gently added to the sample in a polystyrene weighing dish. The sample was mixed with the water and a 1-ml syringe was used to transfer 0.15 ml of the mixture into a DSC pan. The experiment was repeated twice. The software used was the Pyris series Thermal Analysis Manager Suite N537-0605 Version 4.0.
Starch Gelatinization Characteristics (SGC)
Halved rice endosperms were placed in each Petri dish (6 × 3 cm, 1 cm deep) and immersed in 10 ml of 4 M urea solution for 24 h at room temperature (30 • C). The urea solution was adjusted to pH 6.8 with acetic acid for gelatinization. Starch in the rice endosperm was stained by iodine solution and SGC were evaluated compared with IR36 (light violet) and Koshihikari (dark violet). [ 9 ] This experiment was repeated three times.
Statistical Analysis
All samples were analyzed at least in duplicate and mean values and standard deviations were reported. The statistical analysis was performed using the SAS software package (version 8.0) and mean differences were tested using Tukey's Honestly Studentized Range (HSD). Linear regression was carried out using Excel 2003-2007.
RESULTS AND DISCUSSION
Characterization of Different Amylopectin Types
The 16 Myanmar rice cultivars were observed to have different types of amylopectin based on amylopectin chain length distribution compared to the checked cultivar, IR36. The amylopectin chain length is categorized into long (L-type), intermediate (M-type), and short types (S-type). Three of the 16 Myanmar rice cultivars can be classified as L-type as indicated from their DP 6-11, which was located in lower of the X-axis while DP 12-20 was placed in above the X-axis ( Fig. 1) . The results demonstrated that the property of L-type amylopectin showed low in short chains amylopectin of DP 6-11 and rich in intermediate side chains with DP 12-20 whereas they had little low in fraction of intermediate to long chains of amylopectin DP ≥ 23.
Seven of the 16 Myanmar rice cultivars can be reproduced as S-type as indicated from their DP 6-13, which was located above the X-axis, while DP 16-24 was placed in the lower of the X-axis (Fig. 1a ). The results indicated that S-type amylopectin showed rich in proportion of amylopectin short chains with DP 6-13 and low in intermediate to long chains of amylopectin DP 16-24. The results of S-type amylopectin were significantly different with IR36 (control) (Fig. 1b) . Six of the 16 Myanmar rice cultivars can be categorized as M-type as indicated as peak profiles of these cultivars posted between L-type and S-type peak profiles ( Fig. 1c) . Table 1 showed that Ta Soke Pwa, Thet Nu Saba Net Pyan, and Khun Ni Shay had similar values of fa ranging from 25.6-30.6% compared to the control cultivar, IR36 (26.3%). This result again indicates the association with L-type amylopectin group. The fa values of seven rice cultivars (Nga FIGURE 1 Classification of amylopectin in endosperm of Myanmar rice cultivars and IR36 (control). The difference in the relative peak area among the rice cultivars and control cultivar is shown in the DP range of 5 to 33. The difference in peak area for DP 5-33 was compared among five cultivars by subtracting the peak area for Koshihikari from the corresponding areas for the other cultivars. Pya Gyi, Na Pal, Shwe Li-2, Kauk Ya Gyi, Ye Baw Yoe Sein, Khao Pa Phone, and Khao Nao) were in the range of 33.5-35.7%. The fa values of seven cultivars are higher than other rice cultivars, defining that they are to the S-type categories. Six rice cultivars (Nga Sein, Shwe War Tun Kauk Hnyin, Ka Gaw Saw, Ya Ta Pa Lay, Yoe Wa, and Padan Nga Sein) had an amylopectin group ranging from 29.3-32.2% of fa and these values of six rice cultivars were intermediate between L-type and S-type groups except Nga Sein, which showed significantly lower in fa value compared with other M-type group.
The fb1 values of L-type cultivars were in a range of 52.5-53.9% representing the cultivars Thet Nu Saba Net Pyan and Ta Soke Pwa, which were to have the lowest and highest fb1 values, respectively. There was no significant difference in the values of fb1 for all six rice cultivars (Nga Sein, Shwe War Tun Kauk Hnyin, Ka Gaw Saw, Ya Ta Pa Lay, Yoe Wa, and Padan Nga Sein), which were categorized as the M-type. The fb1 values of seven rice cultivars (Nga Pya Gyi, Na Pal, Shwe Li-2, Kauk Ya Gyi, Ye Baw Yoe Sein, Khao Pa Phone, Khao Nao) categorically confirmed the S-type.
The fb2 is the longer chain of amylopectin, and were reported in a range of 8.6-10.9%; Khun Ni Shay and Shwe War Tun Kauk Hnyin were to have the lowest and highest fb2 value, respectively. The physicochemical property of cooked rice is mainly influenced not only by the amylose content but also amylopectin structure, which determines physical properties of starch. [10 − 12] The amylopectin from indica type cultivar is significantly decreased in chains 6 ≤ DP ≤ 24, the A chain of amylopectin, and enriched in chains 13 ≤ DP ≤ 24, the B1 chain of amylopectin. In contrast, japonica type rice cultivar is increased in chains 6 ≤ DP ≤ 24, the A chain of amylopectin, and low in chains 13 ≤ DP ≤ 24, the B1 chain of amylopectin. [ 13 ] Although the present study did not distinguish whether indica or japonica type rice, the 16 Myanmar rice cultivars were divided into 3 types of amylopectin based on their chain length distribution of amylopectin and proportions of chain length fraction. Differentiation of chain length distribution of amylopectin can determine rice grain quality improvement through textural properties. Generally L-type rice has a harder texture while S-type rice would have a softer texture after being cooked. No detailed report for M-type rice has been studied in cooked rice but it might be assumed to be between a harder and softer texture in cooked rice. This information might be useful for breeders as expected as to cross L × M, S × M, for example.
Frequency Distribution
Frequency distribution of amylopectin chain ratio (ACR) and short chain ratio (SCR) were shown in Fig. 2 . The frequency distribution for ACR among the cultivars studied ranged from 0.13 to 0.25, which were classified into five groups. A total of three rice cultivars of groups one and two were classified as L-type amylopectin since they had lower ACR values (≤0.19), while a total six rice cultivars of group three were posted as M-type amylopectin since they had ACR values in the range of 0.19-0.21. The seven rice cultivars of groups four and five possessed high ACR values ≥0.22 and they were assumed to be S-type amylopectin ( Fig. 2a) . SCR values generally categorize cultivars into two main amylopectin groups, with L-type having SCR values of ≤0.40 and S-type having SCR values ≥0.45. The M-type amylopectin group is intermeidate between L-type and Stype amylopectin in terms of SCR value. Groups one and two comprised three rice cultivars with low SCR values ranging from 0.28 to 0.38. A range of SCR value from 0.41 to 0.44 was grouped as the third group to have M-type amylopectin while seven rice cultivars of the fourth and fifth groups were reported as S-type amylopectin since they had higher SCR value in a range from 0.47 to 0.52 ( Fig. 2b) .
Determination of Alkali Spreading Value
Three rice cultivars (Ta Soke Pwa, Thet Nu Saba Net Pyan, and Khun Ni Shay) were observed as little disintegration with a range of ASV score 3 to 4 since they were slightly sensitive in 1.7% KOH solution and they were closely similar with IR36 (score 3; resistant). Ka Gaw Saw, Yoe Wa, Shwe War Tun Kauk Hnyin, Ya Ta Pa Lay, Padan Nga Sein, and Nga Sein were intermediate resistance in a concentration of 1.7% KOH solution in a range of score 5 to 6 and the last seven rice cultivars ranged from 7 to 8 ( Table 1) .
The chain length distribution of amylopectin could be strongly associated with ASV in rice endosperm. [13] The similar results were indicated [8] where they demonstrated the rice cultivars with fewer short chains (DP 6-12) had lower ASV of rice grain. The results in the present study generally associated with chain length distribution of amylopectin in their rice endosperms. The reason meant that the rice cultivar with low in short chain of amylopectin (DP ≤ 10) and high in intermediate chain length of amylopectin with (DP ≥ 11) showed less disintegration in KOH. In contrast, the rice cultivars with high in short chain length of amylopectin and low in intermediate side chain length of amylopectin found complete disintegration in 1.7% KOH solution.
Thermal Properties
The seven rice cultivars (Nga Pya Gyi, Ya Ta Pa Lay, Ye Baw Yoe Sein, Padan Nga Sein, Nga Sein, Kauk Ya Gyi, and Shwe Li-2) showed low transition temperatures ranging from 62.7, 69.0, and 79.2 • C to 65.2, 69.6, and 74.9 • C, which was similar with the control cultivar Koshihikari (65.9, 70.1, and 77.1 • C) ( Table 2) Values within a column followed by different letters are significantly different according to Tukey's Honestly Studentized Range (HSD) test (P = 0.05). LSD 0.05 represents least significant difference at 0.05 level.
The values of high transition temperatures of potato starches resulted from a higher degree of crystallinity, which provides structural stability and makes the starch granules be more resistant to gelatinization. [14, 15] Longer chain amylopectin requires a higher temperature to dissociate completely compared to shorter chain amylopectin. [16, 17] The results in these cultivars showed high transition temperatures due to the present high in intermediate side chain amylopectin in their endosperm.
Among 
Determination of Starch Gelatinization Characteristics
The starch gelatinization characteristic (SGC) of the cultivars was compared to two control cultivars: IR36 (resistant to gelatinize) and Koshihikari (complete gelatinized). Three of 16 Myanmar rice cultivars (Khun Ni Shay, Ta Soke Pwa, and Thet Nu Saba Net Pyan) showed scared to gelatinize as indicated by the light violet color and they were similar with IR36 ( Figs. 3a-3d (Figs. 3m-3r) .
SGC is closely related to the side chains of amylopectin as suggested. [11, 13] Some reports postulated that amylopectin side chains form a double helix to be longer chains (A + B1), which determined the gelatinization of starch granules. Therefore, the starch granules, which contain high in intermediate side chains of amylopectin (DP 13-24), are resistant to gelatinization in urea solution. In contrast, the starch granules with high in short chain of amylopectin (DP 6-12) are easily gelatinized. In the present study, Padan Nga Sein, Khun Ni Shay, Nga Pya Gyi, Shwe Li-2, Kauk Ya Gyi, and Kaw Gaw Saw were diversified in urea solution. It might be assumed that starch granules of these cultivars were significantly associated with their chain length distribution of amylopectin.
Khun 
Linear Regression Analysis
The results of the linear regression analysis between proportions of amylopectin chain length fraction, amylopectin chain ratio (ACR) and short chain ratio (SCR), and alkali spreading value (ASV) for different rice cultivars is illustrated in Fig. 4 . A simple linear regression in Myanmar rice cultivars was observed for fa, and fb1 with ASV, with R 2 values of 0.68 and 0.84, respectively (Figs. 4a and 4b). R 2 values for ACR and SCR with ASV were 0.84 and 0.81, respectively ( Figs. 4c and 4d ). Furthermore, regression analysis between a proportion of amylopectin chain ratios: ACR, fa, fb1, SCR, and GT showed less correlation in Myanmar rice cultivars except fb1. The R 2 values of fa, fb1, ACR, and SCR were 0.27, 0.55, 0.43, and 0.37, respectively ( Figs. 5a-5d ).
CONCLUSION
Chain length distribution of amylopectin, starch gelatinization characteristic, and gelatinization temperature influence rice grain quality that could be fulfilled upon on consumers' requirements. The results in the present study revealed that various types of amylopectin in Myanmar rice cultivars, which stated wide diversity of starch properties and functionalities, can be good resources for improvement of rice grain quality that can supply breeding programs. Urea gelatinization and DSC analysis further supported the three different types of amylopectin in Myanmar rice cultivars. So far, many cultivars are not known to have M-type amylopectin especially in Myanmar local 
